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DETAILED ACTION 

1. Claims 1-20 have been presented for examination based on applicant's 
disclosure filed on 15 December 2000. Claims 1-5, 10-14, and 19 have been rejected by 
the examiner. Claims 6-9, 15-18 and 20 are objected to. 

Drawings 

2. Applicant's drawings filed on 15 December 2000 have been approved by the 
examiner. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. Claims 1, 2, 10, 11, and 19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent 5,202,889 issued to Aharon et al in view of 
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"Exploiting Hardware Sharing in High-Level Synthesis for Partial Scan 
Optimization", S. Dey et al, IEEE 1063-6757/93, IEEE 1993. 

Independent claim 1 is drawn to : 

method for generating pseudo random test patterns simulating hardware model by: 

- generating driver model having states where each state indicates whether to drive an 
interface of hardware model; 

- initiating random walk through driver model to generate driver test pattern; 

- controlling simulation of hardware model using driver test pattern. 

Regarding independent claim 1 : Aharon discloses a method and system for 
generating pseudo random test patterns (CL1-L21-31) for producing simulated test 
scenarios against a hardware model (CL1-L51-61). Aharon discloses the elements of 
the claimed limitations of the present invention as follows: 

- generating driver model having states where each state indicates whether to 
drive an interface of hardware model : Aharon discloses test programs (patterns) 
that are simulated against a hardware model under driver control (CL2-L46) 
where the drivers can change the conditions with which the test programs are 
executed (CL2-L49). That is, the drivers disclosed by Aharon have "states" that 
indicate how, or how not to, "drive" the hardware model based on a set of 
conditions that determine the driver's current state. The examiner interprets 
applicant's driver model process to be functionally equivalent to the driver control 
process disclosed by Aharon. 

- controlling simulation of hardware model using driver test pattern : Aharon 
discloses generating pseudo random test patterns (CL1-L21-31) under driver 
control (CL2-L47) of a simulated design model (CL1-L60). That is, the test 
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patterns are simulated against a hardware design model (CL2-L46), while the 
drivers controlling the test patterns (CL2-L48) can change the test conditions 
under which the test patterns are executed (CL2-L48), based on the current state 
of the driver (CL2-L47). 

Aharon does not explicitly disclose using a random walk through the model to 
generate the driver test pattern. 

- initiating random walk through driver model to generate driver test pattern : Dey 
teaches using a random walk technique (page 23, col. 2, para: 4, Section 4.1) in 
the modeling of scan variables (test vectors) used for gate level hardware testing. 
The examiner notes that techniques such as random walks, table walks, walking 
bits, etc. are generally well-known to those skilled in the art and, hence, would 
have been an obvious choice for implementing the walk through the drive model, 
in addition to being taught by Dey. (See: Dey, Section 4.1) 

It would have been obvious to one of ordinary skill in the art at the time the 
claimed invention was made to modify the teachings of Aharon relating to generating 
pseudo random test patterns against a hardware model, with the teachings of Dey 
relating to using a random walk technique on the driver model, to realize the claimed 
invention. An obvious motivation exists since, as referenced in the prior art, random 
selection of test patterns (instructions) is important in generating a sequence of test 
patterns because of the high probability selecting the same pattern (instruction) during 
the generation of a test pattern sequence (See Aharon, CL7-L49-67). Accordingly, a 
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skilled artisan having access to the teachings of Aharon and Dey would have knowingly 
modified the teachings of Aharon with the teachings of Dey, in order to improve the 
randomness of the generation of the driver test patterns, and provide a more exhaustive 
test pattern sequence. 

Per dependent claim 2 - each state comprises drive state and wait state : Aharon 
discloses controlling test patterns by driver state as noted above (CL2-L46-49). Aharon 
further discloses the use of "loop" logic in "waiting" to obtain the desired sequences for 
test patterns, (i.e. an equivalent function to wait states) The examiner notes that the use 
of "wait states" is very well known in the art as a way of having a process "wait" for data 
results (See: "wait state", Microsoft Dictionary, Third Edition, 1997). 

Independent claim 10 is drawn to : 

Apparatus for generating pseudo random test patterns simulating hardware model by: 

- generating driver model having states where each state indicates whether to drive an 
interface of hardware model; 

- initiating random walk through driver model to generate driver test pattern; 

- controlling simulation of hardware model using driver test pattern. 

Regarding independent claim 10 : As previously cited above, Aharon discloses a 
method and system (apparatus) for generating pseudo random test patterns (CL1-L21- 
31) for producing simulated test scenarios against a hardware model (CL1-L51-61). 
Aharon discloses the elements of the claimed limitations of the present invention as 
follows: 

- means for generating driver model having states where each state indicates 
whether to drive an interface of hardware model: Aharon discloses test 
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programs (patterns) that are simulated against a hardware model under driver 
control (CL2-L46) where the drivers can change the conditions with which the 
test programs are executed (CL2-L49). That is, the drivers disclosed by Aharon 
have "states" that indicate how, or how not to. "drive" the hardware model based 
on a set of conditions that determine the driver's current state. Aharon therefore 
discloses the "means for" generating a driver model interfacing (controlling) a 
hardware model. The examiner interprets applicants driver model process to be 
functionally equivalent to the driver control process disclosed by Aharon. 

- means for controlling simulation of hardware model using driver test pattern : 
Aharon discloses generating pseudo random test patterns (CL1-L21-31) under 
driver control (CL2-L47) of a simulated design model (CL 1-L60). That is, the test 
patterns are simulated against a hardware design model (CL2-L46), while the 
drivers controlling the test patterns (CL2-L48) can change the test conditions 
under which the test patterns are executed (CL2-L48), based on the current state 
of the driver (CL2-L47). Aharon therefore discloses the "means for" controlling 
hardware model simulation using a driver test pattern. 

Aharon does not explicitly disclose using a random walk through the model to 
generate the driver test pattern. 

- means for initiating random walk through driver model to generate driver test 
pattern : Dey teaches using a random walk technique (page 23, col. 2, para: 4, 
Section 4.1) in the modeling of scan variables (test vectors) used for gate level 
hardware testing. Dey therefore discloses the "means for 3 ' initiating a random 
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walk. The examiner notes that techniques such as random walks, table walks, 
walking bits, etc. are generally well-known to those skilled in the art and, hence, 
would have been an obvious choice for implementing the walk through the drive 
model, in addition to being taught by Dey. (See: Dey, Section 4.1) 

It would have been obvious to one of ordinary skill in the art at the time the 
claimed invention was made to modify the teachings of Aharon relating to generating 
pseudo random test patterns against a hardware model, with the teachings of Dey 
relating to using a random walk technique on the driver model, to realize the claimed 
invention. An obvious motivation exists since, as referenced in the prior art, random 
selection of test patterns (instructions) is important in generating a sequence of test 
patterns because of the high probability selecting the same pattern (instruction) during 
the generation of a test pattern sequence (See Aharon, CL7-L49-67). Accordingly, a 
skilled artisan having access to the teachings of Aharon and Dey would have knowingly 
modified the teachings of Aharon with the teachings of Dey, in order to improve the 
randomness of the generation of the driver test patterns, and provide a more exhaustive 
test pattern sequence. 

Per dependent claim 1 1 - each state comprises drive state and wait state : 
Aharon discloses controlling test patterns by driver state as noted above (CL2-L46-49). 
Aharon further discloses the use of "loop" logic in "waiting" to obtain the desired 
sequences for test patterns, (i.e. an equivalent function to wait states) The examiner 
notes that the use of "wait states" is very well known in the art as a way of having a 
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process "wait" for data results (See: "wait state", Microsoft Dictionary, Third Edition, 
1997). 

Regarding independent claim 19 : Independent claim 19 merely claims the 
computer program code for the same limitations as recited in independent claims 1 and 
1 1 and is therefore rejected using the same reasoning as previously cited above. 

4. Claims 3 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over U.S. Patent 5,202,889 issued to Aharon et al, in view of "Exploiting Hardware 
Sharing in High-Level Synthesis for Partial Scan Optimization", S. Dey et al, IEEE 
1063-6757/93, IEEE 1993, in further view of U.S. Patent 6,163,876 issued to Asher 
et al 

As recited above, the combination of Aharon and Dey renders obvious the 
elements of the claimed limitations of independent claims 1 and 10. (see rejection of 
claims 1 and 10 above) However, the combination of Aharon and Dey further does not 
explicitly teach the use of a sub-graph connecting the driver model as recited in 
dependent claims 3 and 12. 

Per dependent claims 3 and 12 - (means for) creating driver sub-graph having 
states & connecting sub-graph to form driver model : Ashar teaches the use of sub- 
graphs having multiple states (CL9-L30, L61-65, CL10-L4, Fig 1b) in the verification and 
testing of a hardware model (CL5-L1 1 , CL10-L12-17) and connecting the sub-graphs 
(Fig. 1b) according to state. The examiner notes that, in addition to being disclosed by 
Asher, sub-graphs are merely a subset of the nodes and edges of a well-known graph 
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data structure (See: "graph (subgraph)", Microsoft Dictionary, Third Edition, 1997) and, 
hence, would have been an obvious choice to one skilled in the art for connecting the 
driver model at the time of the invention. Therefore, it would have been obvious to one 
of ordinary skill in the art at the time the claimed invention was made to further modify 
the combined teachings of Aharon and Dey as previously noted above, with the 
teaching of Asher relating to connecting the sub-graphs in forming the driver model, in 
order to improve the randomness of the generation of the driver test patterns, and 
provide a more exhaustive pattern sequence. 

5. Claims 4, 5, 13 an 14 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent 5,202,889 issued to Aharon et al, in view of 
"Exploiting Hardware Sharing in High-Level Synthesis for Partial Scan 
Optimization", S. Dey et al, IEEE 1063-6757/93, IEEE 1993, in further view of U.S. 
Patent 6,163,876 issued to Asher et al, and in further view of U.S. Patent 5,500,941 
issued to Gil. 

As recited above, the combination of Aharon, Dey, and Asher renders obvious 
the elements of the claimed limitations of independent claims 1 and Wand dependent 
claims 3 and 12. (see rejection of claims 1, 10, 3, and 12 above) However, the 
combination of Aharon, Dey, and Asher further does not explicitly teach the use of a 
Markov chain or probability of transitioning between states as recited in dependent 
claims 4, 13 and 5, 1 4 respectively. 
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Per dependent claims 5 and 14 - probability of state transitioning : Gil discloses 
calculating the probabilities of the occurrence of state transitions from one state to 
another (CL4-L55, CL6-L38-40, Fig 4). 

Per dependent claims 4 and 13 - Markov chain : Gil discloses the use Markov 
chains for generating state transition using during testing. (CL4-L47-56, Fig. 1) 

The examiner again notes that in addition to being disclosed by Gil, a Markov 
chain is merely "a random process where the probability that certain state will occur 
depends only on the present or preceding state of the system, and not the events 
leading up to the present state". (Encyclopedia of Computer Science, Mason/Charter, 
1976) Markov chains are well known to those skilled in the art and are commonly used 
as a method of generating random samples from a probability space and, hence, would 
have been an obvious choice to one skilled in the art for implementing in the driver sub- 
graph. Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the claimed invention was made to further modify the combined teachings of 
Aharon, Dey, Asher, as previously noted above, with the teaching of Gil relating to 
Markov chain probability, in order to improve the randomness of the generation of the 
driver test patterns, and provide a more exhaustive pattern sequence. 

Allowable Subject Matter 

6. Claims 6-9, 15-18 and 20 are objected to as being dependent upon a rejected 
base claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. In particular, the prior art of 
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record does not specifically disclose the command model to generate the command test 
pattern as recited claims 6-9, 15-18 and 20. Applicant's specification has defined the 
term "command model" as the model used to describe the commands to send across 
the interface and operates as disclosed in the passages on page 10, line 21 to page 12, 
line 17 of the specification . 



Conclusion 

7. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Careful consideration should be given prior to applicants 
response to this Office Action. 

U.S. Patent 6,381,715 issued to Bauman et al teaches test pattern generation for 
hardware models. 

U.S. Patent 5,592,674 issued to Gluska et al teaches test pattern generation and 
Markov chains. 

"Random Pattern Testing Versus Deterministic Testing of RAM's", R. David et al, IEEE 
Transactions on Computer, Vol. 38, No. 5, May 1989 teaches test pattern generation. 
"A Method for Testability Analysis and BIST Insertion at the RTL", J. Carletta et al, IEEE 
1066-1409/95, IEEE 1995 teaches test pattern generation. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Fred Ferris whose telephone number is 571-272-3778 
and whose normal working hours are 8:30am to 5:00pm Monday to Friday. Any inquiry 
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of a general nature relating to the status of this application should be directed to the 
group receptionist whose telephone number is 571-272-3700. If attempts to reach the 
examiner by telephone are unsuccessful, the examiner's supervisor, Jean Homere can 
be reached at 571-272-3780. The Official Fax Number is: (703) 872-9306 

Patent Examiner 
Simulation and Emulation, Art Unit 2128 



Alexandria, VA 22313 
Phone: (571-272-3778) 
Fred.Ferris@uspto.gov 
December 3, 2004 
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